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What is dark matter and how to
detect it?

Weakly Interactive Massive Particle (WIMP)
o stable

e slow

e relic from the Big Bang

Heavy, no charge, not in Standard Model
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/- The Simplest Dark Matter Model

The simplest dark model is the darkon model:

SM + real singlet D-
Renormalizable interaction only with SM Higgs is

2
=t Mo iy
& 4 g

with the 7z symmetry, D -> -D- |f not broken,
D can play the role of stable dark matter:

2 2
L =—@D4 _(my AV )D2 —£D2h2 — AvD*h

- 4 2 )

where V=246 GV vacuum expectation value of H,
darkon mass m, =(m’ +Av*)".
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D is stable, but can annihilate through h
exchange, namely DD—hi —X, where X indicates

SM particles

81207 > T(h— X))
(4, —m ) +1n, 2m,

o U

ann rel

where v, =2|py'|/m, (s the relative speed of the DD pair
in their cm frame, n is a virtual Higgs boson with an
invariant mass s - 2m, which couples to the other states
as the physical h with mass m,, and - x,is any possible
decay mode of h. For a given model, > T(i— X)) is
obtained by calculating the decay width of h and
AN - SKL P
placing m, with 2m,.



For a given interaction of the WIMP with 5M
particles, its annihilation rate into the latter
and its relic density o, can be calculated and are
related to each other by the thermal dynamics
of the Universe within the standard big-bang
cosmology-

1.07 x 10°z,
\/Impl 'mn rol> G(‘\ :

0.038 mpymp (Gann?ral)
h is the Hubble constant in units of 100km/(s-Mpc), ~ mp = 1.22 x 10 GeV

T, = my /T g, number of relativistic degrees ot freedom with masses less than T)r

Qph? ~ z; =~ In

We can restrict the ranges of x,and (c,v,) as
functions of WIMP mass m, thhout knowing the

explicit form of the SM-WIMP interaction-
SKLTP
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The elastic cross section of DM with nucleon
and direct DM search data

2 2 2 2
A g yvpV My

O =
“x(m,+my) m)

The coupling of a Higgs boson H to quarks can be
written as K gae
quH :_Z?qmqqu
q

where the sum over the six quark flavor: In the SM k =1
for all q’s- SKLTP



Now, the effective coupling of H to a nucleon
N=p or n has the form

L NNH

NNH — 8 NNH

where 8xvu is the Higgs-nucleon coupling constant- By
evaluating the matrix element

gNNHEVN:<N A~ Ca tt /Zj (mdgd+ms§s+mbgb)|N>
The result is

where o,, is the so-called pion-nucleon sigma term, the m,
nucleon mass, and m, the baryon mass in the chiral limit-

v 35MeV to 80MeV 1.3 x 1073 < g3M3 <3.2 x 1073,

BT SEiLE




Laat

——— xenon100, low L.g. decr. extrapolation
xenon100, global L. fit, const. extrapolation

5 10 mO(GeV30
Darkon Nucleon elastic cross section 0. as function of dark
mass m, with different Higgs mass m,compared to 90% C-L-
upper limits from DAMA, CoGeNT, CDMS and XENON- Future

projected experimental sensitivities for superCDMS and

Xenonl00+ are also shown- SKLTP




If Higgs mass is larger than 2 darkon mass,
h can decay into darkon h -> DD,
increasing invisible width:

2.2

ﬁv\/242
>N My, —amp,
h

T'(h— DD) =
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2-Two-Higgs-Doublet Model With A Darkon

The Yukawa interactions of the Higgs fields in the
THDM |l are given by

L}, - _QL;t;ﬁzUR _QLﬂldHlDR _ZLﬂIZH]ER +h.c.

where &, U, D, L, and £ represent the usual quark and
lepton fields and A" are Yukawa couplings: It is a
discrete 7, symmetry, o, —-n, In terms of their
components, the Higgs doublets are

goo L[ V2

g U, TRl

where k=1,2 and U, is the VEV of H,. Herel .1, are related
to the physical Higgs boson H*, 4 and the Goldstoneskcfﬂ;

w and z:



h') (cosf —sinf\ w' I, (cosf -—sinf)(z

hi \sinf cosB )\ HT I \sing  cospB )\ 4
with tan ="/, whereas h, can be expressed in terms
of mass eigenstates H and h as

h | (cosa —sina|(H
h, _[sina cosa][h]

the angle « indicates the mixing of the two CP-
even Higgs bosons:-

Then, the THDM+D darkon Lagrangian

L = —% D —%DQ —(AH'H + A HH,)D’
SKLTP



After electroweak symmetry breaking, the darkon

Lagrangian and the Yukawa interactions of /4 and
A are described by

2 2 2, o2 nY 2
mp = mg + (), cos” B+ ), sin” B)v” ,

EUDh . (_Al Silln COS d + ,\2 COS () Sill d) v D2 h — —Ahl-' D2 h .
Lopy = —(M cosacosB+ M\ sinasinf)vD*H = -A\jvD*H ,

L_[fH=_(7LM”UR[COS(ZH+SIHQ h] D, M“D [ sin & H+COSGU£]

sinff v sinf v cosf v cosfv

—ELM’ER(— sinoa H o COS h]+hc

cosB v cosf v

The coupling between the CP-even Higgs bosons
and the vector bosons

2my, +u m; “y : _ -
I —[ wEw, il > 2V4 J(Hsm(ﬁ a)+hcos(ﬁSﬁBTP
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The annihilation ratio is given by,

o 8 DToX) gy D THoX)
T ol P+ 2my (B—mE VAT 2m

where TWH-X) indicates the decay width of H into SM
particles with a virtual mass of 2m,.

The cross section of the darkon-nucleon elastic
scattering in the THDM+D as

>
2 2 THDM THDM
v my [ ﬂ’h g1 /7'H g ]

_I_

a —~
el 2 2
m; m:,

x(m,+my)’

SKETRP



Based on chiral perturbation theory, the nucleon
coupling to h or H is

' 2w\ =N 2 T 4kH — 25k% mp
RURN = (K= T2 4 Ty AR 5KT

sin «v

kb =

u

sinf3 osf3 < sinf3

270 _n +8m
= — «N "~ B _0405
210, n+90my—54my

In the vicinity of -0.405, we select -0.42

K/kT = —tanatan f = —0.420 k" k" = tan f/tana = —0.42
SKETEP



Only one lighter Higgs boson H or h responsible to
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Branch ratio:
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The lighter Higgs boson does not play a significant role in the DM

physics, and the DM relic density is mainly determined by the
interaction between the heavier Higgs and the darkon- For Higgs H,
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The lighter Higgs boson to be detected at the

with a small invisible branching ratio-

tne=042,  tanf=1 tano=0014,  tanB=30
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For Higgs boson h
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ctge=-042, tang=1 ctge=-0.014, tans=30
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The large tanbeta the branching ratios of Higgs to down-
type fermion decay are largely enhanced due to large down-
type Yukawa couplings- Comparing experimental data with

theoretical predictions for branching ratios, information on
mixing parameter of the two CP even Higgs boson can be
obtained- SKLTP




3- Discussions and Conclusions

/- The Standard Model (S5M) plus a real gauge-
singlet scalar field dubbed darkon (SM+D) is the
simplest model possessing a weakly interacting
massive particle (WIMP) dark-matter candidate:
In this model, the parameters are constrained
from dark matter relic density and direct searches-

2- Then, We extend the SM+D to a two-Higgs-
doublet model plus a darkon (THDM+D) it is
possible to have a Higgs boson with a small
invisible branching ratio and at the same time the

dark matter can have a low mass:
SKLTP



Thank you!



